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Abstract: The purpose of this study was to compare active drag during front-crawl swimming performed by 
competitive swimmers with passive drag acting on the same group of swimmers with a streamlined position at 
various velocities. Seven male competitive swimmers participated in this study, and the testing was conducted in 
a swimming flume. Active drag was evaluated for front-crawl swimming with upper and lower limb motion using 
a methodology that estimates the drag in swimming using measured residual thrust values (MRT method). Passive 
drag was measured by a load cell connected to the swimmers with a streamlined position using a stainless-steel 
wire. In each case, drag was estimated at six staged velocities ranging from 1.0 to 1.5 m/s. To compare the drags at 
various velocities, we calculated coefficients a and b by applying the measured force value at each velocity to the 
equation D = a vb (D: drag, v: velocity). The active drag estimated from the MRT method (a = 35.7 ± 5.3, b = 2.80 
± 0.22) was larger than passive drag (a = 23.6 ± 3.1, b = 2.08 ± 0.23). Furthermore, the difference between active 
and passive drag was large at high velocities. Therefore, it is possible that the effects of factors other than posture 
and/or body shape have a large influence on active drag, especially at high velocity.
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: A comparison between active drag in front-crawl and passive drag on the body with a streamlined position at 





















































ため，競技パフォーマンス（Chatard et al., 1990; 
Havriluk, 2005）や水着の性能（Mollendorf et al., 
2004）を評価する際の指標として様々な先行研究
で用いられてきた．例えば，受動抵抗と身体特性


















で 47 ± 4 N（1.42 m/s），Chatard et al.（1990）で













己推進時抵抗（1.20 m/s で 60 ± 23 N）は受動抵抗





















くは低いことが報告されている（Toussaint et al., 









方法（Di Prampero et al., 1974; Formosa et al., 2011; 










































































自己推進時抵抗は Narita et al.（2017）によっ
























は定格容量が ± 2 kN，測定誤差は± 0.15% であ










線）を算出した．流速は VSi の± 0.2 m/s の範囲内




（詳細は Narita et al.（2017）を参照）．以上の手順
を 1.0―1.5 m/s の 6 段階の VSi で実施し，異なる
VSi での自己推進時抵抗を評価した．なお，Fig. 2
の左図には泳者 F の VS1.00 と VS1.20 における回帰曲
Table 1.  Anthropometric data for swimmers and long-course front-crawl performance
Swimmer
Age Height Mass 200 m-Freestyle Best record










































































Load cell PC 
θ1 θ2 
Spring 
Fig. 1. Top view of the measurement process. To measure only the horizontal component forces, 
the angles of inclination of each wire, θ1 and θ2, were considered. Furthermore, springs 
were used to prevent slack in the wire, caused by fl uctuations in the longitudinal direction, 
and the eff ects of tension caused when a swimmer alternates acceleration and deceleration 























































Fig. 2. Relation between fl ow velocity and residual thrust at VS1.00 and VS1.20 (left panel) 
and measured force values at fl ow velocity = 1.30 m/s (right panel) for swimmer 
F. In the right panel, residual thrust (the solid line) is calculated by subtracting the 
forward towing forces (deﬁ ned as drag; dashed line) from the backward towing 
forces (deﬁ ned as propulsion; dotted line).
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研究（Berger, 1999; Hollander et al., 1986; Ribeiro et 
al., 2013; Vennell et al., 2006）と同様に抵抗力を以
下の式 (1) より回帰分析をおこなった．
D ＝ a・vb (1)　
D は抵抗力，v は速度をそれぞれ表している．
各対象者で計測された全ての速度と抵抗力に最も




























回帰曲線の係数 a と次数 b の 7 名の平均値 ± 標
準偏差を求めた結果，係数 a に関しては自己推進
時抵抗で 35.7 ± 5.3，受動抵抗で 23.6±3.1 であり，
有意な差が認められた（t(6) ＝ 4.35, p ＝ 0.05）．
一方で次数 b に関して，自己推進時抵抗で 2.80±
0.22，受動抵抗で 2.08 ± 0.23 であり，有意な差が














果 は Zamparo et al.（2009） や Gatta et al.（2015）
の結果を支持する一方で，Toussaint et al.（1988）
や Van der Vaart et al.（1987）とは異なる結果を
示した．本研究で評価された受動抵抗は先行研





る結果を報告した Toussaint et al.（1988）や Van 































Fig. 3. Results of active and passive drags for each swimmer. 2 
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Fig. 3.  Results of active and passive drags for each swimmer.
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Fig. 4. Relationships between stroke rate, stroke length and active drag for each 2 
































































































































































































































































われる．よって Gatta et al.（2015）が用いた自己
推進時抵抗の評価方法でも，速度の 2 乗に比例す
ることを前提条件に自己推進時抵抗を算出してい













造波抵抗による影響が増大する（Mollendorf et al., 
2004; Vennell et al., 2006）．ヒトの水泳時は約 1.7 
m/s 以上で造波抵抗による影響が大きくなり，そ
れは速度の 3 乗に比例することが報告されている




























の 2 点を提案する．1 点目はスタートやターン後
の水中ドルフィンキックを用いることの有用性で
ある．ドルフィンキックはスタート後やターン後
の 15 m まで用いることが認められており，近代
4 泳法に続き第 5 の泳法として広く知られ，これ
までにも多くの研究が行われてきた（小林ほか , 
2016; Shimojo et al., 2014）．ドルフィンキックは
水面下で行われるため，造波抵抗による影響も受
けにくい．水面からの深さの違いによる抵抗力に
ついて検証した研究では，水深が約 0.8 m（Vennell 




















ると考えられる（Arellano et al., 2002; Lyttle et al., 
1999, 2000; Takeda et al., 2009）．2 点目としては，
高い泳速度でのトレーニングの重要性である．近
年，競泳競技においても高強度トレーニングが注
目を集めているが（Faude et al., 2008; 仙石ほか，














































Arellano, R., Pardillo, S., and Gavilán, A. (2002). Underwater 
undulatory swimming: Kinematic characteristics, vortex 
generation and application during the start, turn and 
swimming strokes. Paper presented at the Proceedings of 
the XXth International Symposium on Biomechanics in 
Sports, Universidad de Granada.
Berger, M. A. (1999) Determining propulsive force in front 
crawl swimming: a comparison of two methods. J. Sports 
Sci., 17: 97-105.
Chatard, J., Lavoie, J., Bourgoin, B., and Lacour, J. (1990) 
The contribution of passive drag as a determinant of 
swimming performance. Int. J. Sports Med., 11: 367-372.
Di Prampero, P., Pendergast, D., Wilson, D., and Rennie, D. 
(1974) Energetics of swimming in man. J. Appl. Physiol., 
37: 1-5.
Faude, O., Meyer, T., Scharhag, J., Weins, F., Urhausen, A., 
and Kindermann, W. (2008) Volume vs. intensity in the 
training of competitive swimmers. Int. J. Sports Med., 29: 
906-912.
Formosa, D. P., Mason, B., and Burkett, B. (2011) The force–
time proﬁle of elite front crawl swimmers. J. Sports Sci., 
29: 811-819.
Gatta, G., Cortesi, M., Fantozzi, S., and Zamparo, P. (2015) 
Planimetric frontal area in the four swimming strokes: Im-
plications for drag, energetics and speed. Human movement 
science, 39: 41-54.
Havriluk, R. (2005) Performance level differences in swim-
ming: a meta-analysis of passive drag force. Res. Q. Exerc. 
Sport, 76: 112-118.
515多段階泳速度における自己推進時抵抗と受動抵抗の比較
Hollander, A., De Groot, G., van Ingen Schenau, G., Tous-
saint, H., De Best, H., Peeters, W., Meulemans, A., and 
Schreurs, A. (1986) Measurement of active drag during 





Kolmogorov, S. and Duplishcheva, O. (1992) Active drag, 
useful mechanical power output and hydrodynamic force 
coefficient in different swimming strokes at maximal veloc-
ity. J. Biomech., 25: 311-318.
Lyttle, A. D., Blanksby, B. A., Elliott, B. C., and Lloyd, D. G. 
(1999) Optimal depth for streamlined gliding. Biomechan-
ics and medicine in swimming VIII: 165-170. 
Lyttle, A. D., Blanksby, B. A., Elliott, B. C., and Lloyd, D. G. 
(2000) Net forces during tethered simulation of underwater 
streamlined gliding and kicking techniques of the freestyle 
turn. J. Sports Sci., 18: 801-807. 
Mollendorf, J. C., ALBERT C TERMIN, I., Oppenheim, E., 
and Pendergast, D. R. (2004) Effect of swim suit design on 
passive drag. Med. Sci. Sports Exerc., 36: 1029-1035.
Morris, K. S., Osborne, M. A., Shephard, M. E., Skinner, T. 
L., and Jenkins, D. G. (2016) Velocity, aerobic power and 
metabolic cost of whole body and arms only front crawl 
swimming at various stroke rates. Eur. J. Appl. Physiol., 
116: 1075-1085.
Nakashima, M. (2007) Mechanical study of standard six 
beat front crawl swimming by using swimming human 
simulation model. J. Fluid Sci. Tech., 2: 290-301.
Narita, K., Nakashima, M., and Takagi, H. (2017) Developing 
a methodology for estimating the drag in front-crawl 
swimming at various velocities. J. Biomech., 54: 123-128.
Ogita, F., Onodera, T., and Tabata, I. (1999) Effect of hand 
paddles on anaerobic energy release during supramaximal 
swimming. Med. Sci. Sports Exerc., 31: 729-735. 
Ogita, F., Huang, Z., Kurobe, K., Ozawa, G., Nagira, A., 
Yotani, K., Taguchi, N., and Tamaki, H. (2014) Effects 
of sprint interval training on metabolic, mechanical 
characteristics and swimming performacne. XIIth 
International Symposium for Biomechanics and Medicine 
in Swimming, pp.453-457.
Ribeiro, J., De Jesus, K., Figueiredo, P., Toussaint, H., 
Guidetti ,  L.,  Alves, F.,  and Fernandes, R. (2013) 
Biomechanical determinants of force production in front 
crawl swimming. Journal of Sports Medicine and Physical 
Fitness, 53(3 suppl 1): 30-37.
Seifert, L., Toussaint, H., Alberty, M., Schnitzler, C., and 
Chollet, D. (2010) Arm coordination, power, and swim ef-
ﬁciency in national and regional front crawl swimmers. Hu-




Shimojo, H., Sengoku, Y., Miyoshi, T., Tsubakimoto, S., 
and Takagi, H. (2014) Effect of imposing changes in kick 
frequency on kinematics during undulatory underwater 
swimming at maximal effort in male swimmers. Human 
movement science, 38: 94-105.
高木英樹（2001）抵抗を制する者，勝負を制す．水泳水
中運動科学，4：5-10．
Takeda, T., Ichikawa, H., Takagi, H., and Tsubakimoto, S. 
(2009) Do differences in initial speed persist to the stroke 
phase in front-crawl swimming? J. Sports Sci., 27: 1449-
1454. 
Toussaint, H., De Groot, G., Savelberg, H., Vervoorn, K., Hol-
lander, A., and van Ingen Schenau, G. (1988) Active drag 
related to velocity in male and female swimmers. J. Bio-
mech., 21: 435-438.
Toussaint, H., Roos, P. E., and Kolmogorov, S. (2004) The de-
termination of drag in front crawl swimming. J. Biomech., 
37: 1655-1663.
Toussaint, H., van Stralen, M., and Stevens, E. (2002) Wave 
drag in front crawl swimming. ISBS-Conference Proceed-
ings Archive, 279-282.
Van der Vaart, A., Savelberg, H., De Groot, G., Hollander, 
A., Toussaint, H., and van Ingen Schenau, G. (1987) An 
estimation of drag in front crawl swimming. J. Biomech., 
20: 543-546.
Vennell, R., Pease, D., and Wilson, B. (2006) Wave drag on 
human swimmers. J. Biomech., 39: 664-671.
Yanai, T. (2001) Rotational effect of buoyancy in frontcrawl: 
does it really cause the legs to sink? J. Biomech., 34: 235-
243.
Zamparo, P., Gatta, G., Pendergast, D., and Capelli, C. (2009) 
Active and passive drag: the role of trunk incline. Eur. J. 
Appl. Physiol., 106: 195-205.
2017 年 6 月 9 日受付
2018 年 4 月 3 日受理
Advance Publication by J-STAGE
Published online 2018/6/15
( )
